6. Nair-Roberts, R.G., Chatelain This interest is not merely academicbiofilms are extremely common in nature, and they frequently run afoul of human interests [1] . Clinical biofilms on implanted and indwelling devices (such as catheters and stents) and elsewhere in the body (for example, Pseudomonas aeruginosa biofilms in the lung) form infections that are extremely difficult to eradicate ( Figure 1A ). In the wider world, 'biofouling' by overgrowth of microbial biofilms is an expensive and ubiquitous problem in industries ranging from aquaculture to shipping to oil production ( Figure 1B ). Given that biofilms are an example of apparently successful group living, many researchers have thought of biofilms as examples of microbial cooperation. A recent paper by Oliveira et al. [2] , however, provides evidence that biofilm formation is often induced as a result of competition.
The idea of biofilms as cooperative endeavors has a substantial recent history. This idea comes partly from the surprising structural and functional complexity within these communities [3] . Consistent with the idea that biofilms are cooperative, cell-cell communication has been shown to direct aspects of biofilm establishment and maturation, such as microcolony aggregation and cell differentiation [4, 5] . It has even been suggested that these events are part of a multicellular developmental program that has evolved in the spatially localized niche provided by surface-associated biofilms, which can integrate multiple microbial species into a physically adhered and physiologically coordinated community [3] .
Other recent work suggests that this sort of coordinated, communication-mediated growth and differentiation is not always necessary to explain biofilm development. A variety of stresses have been shown to induce biofilm formation, including exposure to antibiotics [6] and other natural products that cause cell damage [7] . Biofilm formation can therefore represent a protective response for bacteria experiencing physiological stress [8] .
Furthermore, much of our understanding comes from the study of isogenic biofilms in the laboratory, making it unclear how well the cooperative model describes the taxonomically diverse biofilms present in nature [9] . It has been suggested that competition, rather than cooperation, should dominate in polymicrobial communities [10] , raising the question of how common cooperative multicellular behavior is likely to be in diverse biofilms [11, 12] .
Oliveira et al. [2] tie these ideas together by demonstrating a case in which competition, rather than cooperation, between strains is the driving force behind biofilm formation. Specifically, they found that biofilm formation is induced as a protective response to antibiotic production by competing strains. The observed behavior is a form of 'competition sensing' [13] , in which bacteria sense an environmental cue (in this case, a sub-lethal concentration of antibiotic) that signals the presence of another strain, and then interpret this signal as a cue of impending competition. Importantly, in the new study [2] , though biofilm formation was triggered by sub-lethal concentrations of antibiotic (cell death was not required), cellular damage did seem to be required, implying that the observed increase in biofilm formation was a response to antimicrobial warfare rather than to reception of the antibiotic as an innocuous extracellular signal.
This study provides evidence against an increasingly common view of low-dose antibiotics as non-toxic signaling molecules. It has previously been suggested that, at the low concentrations likely found in those natural environments shared by disassociated microbes, antibiotics could have evolved as signals rather than as agents of warfare [14, 15] . The work by Oliveira et al. [2] presents an interesting counterpoint, providing evidence that secreted antibiotics can both act as agents of bacterial warfare and provide information at low concentrations, and that this information can be used to inform the behavior of competing bacteria.
This new study builds on a body of work indicating that competitive interactions might be more important than previously suspected in directing biofilm formation and structure. Indeed, previous work from the same lab demonstrated how competition between strains in a biofilm could promote secretion of the extracellular polymeric substance (EPS) that forms the structure of biofilms, as secretion of this EPS matrix allows producing strains to push their growing colonies into more favorable nutrient/ oxygen conditions [16] . Further, this group has shown how quorum-sensingdirected cooperative behavior within strains can be used to direct competitive EPS production, allowing strains to compete more effectively in mixed biofilms [17] . The authors suggest that competition-sensing-dependent biofilm formation could work in conjunction with these mechanisms: by increasing attachment and/or biomass production early, a bacterial strain could achieve dominance in a 'young' biofilm, putting itself in a better position to make use of density-dependent competitive tools.
Intriguingly, though the end result (increased biofilm) is consistent throughout the data reported by Oliveira et al. [2] , the nature of the physiological response to competition seems to differ between bacterial strains. Increased biofilm formation is not always accompanied by increased attachment, as observed in flow cell assays in the present study. It remains unclear whether there are distinct advantages to only increasing biofilm accumulation, versus increasing initial attachment, and if so, what determines those advantages for a particular strain and/or environmental scenario.
Furthermore, it will be interesting to see how this result applies to other combinations of bacterial strain and antibiotic. The dose-response relationship of antibiotic to biofilm formation is anything but simple; although there is a characteristic biphasic response, with low doses resulting in biofilm stimulation and high doses resulting in biofilm inhibition, U-shaped and multiphasic responses are common [6] . In a few cases, as with azithromycin treatment of P. aeruginosa, the opposite effect has been observed, in which subinhibitory concentrations of antibiotic decreased biofilm formation [18] . It remains to be determined whether these observations are relevant for natural biofilms containing antibiotic-secreting strains and their competitors.
The generality of the new findings will doubtless be of considerable interest, particularly at increasing taxonomic distances. The present study intentionally focused on competition sensing between closely related strains of the same Dispatches bacterial species, as these are expected to have high levels of ecological overlap and therefore strong ecological competition. As the authors state, this scenario may be directly relevant for clinical biofilms of P. aeruginosa, as different strains can and do encounter one another in the lung [19] . It will be interesting to see how the strength of the competition-sensing effect is altered by taxonomic distance on larger scales, and whether there is a role for co-evolution of strains that frequently encounter one another in natural environments. Furthermore, although contests between strains in this study produced clear victors, with one strain dominating in the biofilm while the loser was all but wiped out, the role of competition in stable, taxonomically diverse biofilms remains to be clarified.
The efficiency with which animals learn new skills depends on their ability to choose good tutors. A new study shows that early-life stress causes young zebra finches to switch tutor preference from parents to unrelated adults.
For over half a century, we have been fascinated by the way in which animal populations acquire novel behavioural skills that spread from individual to individual. The copying of behaviour, and the regional differences that often develop, can shine a light on the evolution of human culture [1] . One of the earliest examples of the spread of innovative behaviour in animals was made by Fisher and Hinde [2] , who described the diffusion of the stealing of cream from foil-capped milk bottles by various British tit species -a behaviour that spread across the country from the 1920s to 1940s. While this original study was observational, and could potentially have been caused by individual learning, a recent experimental study [3] revisited this classic example and demonstrated that blue tits (Cyanistes caeruleus) can efficiently acquire the necessary skills to exploit this very unnatural -but rich -resource by observing others.
